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CHEMO-THERAPY IN TRYPANOSOME-INFECTIONS : 
AN EXPERIMENTAL STUDY.’ 

By CARL H. BBOWNING, M.D., Ass&ad in Bacteriology to the 
Professor of Patlmlogy, Glasgow Uwiversity ; formdy Carnegie 
Research Fclbu~. 

THE wide distribution of diseases due to trypanosomes, ad bhe gravity 
of the results to which they give rise, make the experimental study 
of the action of drugs in infections with these pathogenic agents of 
practical as well as of theoret’ical interest. It is in this group of 
diseases, too, that the most promising results have been obtained by 
the use of chemo-therapeutic agents. The first work in t,his direction 
was that of Laveran and Mesnil(l1. 19 02). They sholred that arsenite 
of soda had a marked, though only temporary, beneficial effect on the 
course of nagana -infections in rats and mice. The discovery of 
trypan-red by Ehrlich (1904) along with Shiga and Weiuberg, marked 
the first stage of progress in the search for synthetic compounds 
which will, in the body of an infected animal, exert a specific 
antagonism toward the pathogenic agent. In the case of mice 
infected with the trypanosomes of ma1 de Caderas, a single injection 
of trypan-red leads to the destruction of all the parasites, and so 
definitely cures what is, in untreated animals, an acute and certainly 
fatal disease. ElseThere (1907) I have dealt wit11 the later phases of 
investigation on the chemo-therapy of trypanosomiases, and have 
discussed the bearing of the facts on questions of treat’ment of the 
naturally occurring disease. Accordingly, the present paper is con- 
cerned with-(l) a study of the action of some of the principal 
chemo-therapeutic agents which are effective in experimental try- 
panosomiases in mice, especially the para-amido-phenylarsenic-acicl- 
derivatives of Ehrlich ; (2) the development of trypauosome-strains 
“ resistant ” to chemo-therapeutic agents of different t’ypes, and an 
examination of their further biological properties; (3) the phenomena 
of immunity after complete- or almost complete destruction of the 
parasites by means of chemo-therapeutic agents. 

’ The work here published forms part of a thesis for the degree of M.D. iu tile 
University of Glasgow, and was carried out during the tenure of a Carnegie Fello~rship. 
[Received November 8, lOOi. 
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METUOP~ AXD DETAILS OF THE EXPERIMENTAL INFECTIOSS. 

White mice were employed. Each animal was inoculated by subcutaneous 
injection with 1 C.C. of a 2 per cent. dilution in 0.85 per cent. NaCl solution 
of blood containing abundant parasites taken from another mouse at a period 
within twenty-four hours of death in the case of nagana, or twenty-four to 
forty-eight hours in dourine-infections. The course of the infection can be 
schematically represented as follows (Table I) :- 

TABLE T. 

, 
Nagana. I Donrine. 

I 

: A. ! B. / A. 
,~__ 

I First day after inoculation . . . 

Second , , ,, . . . . 

Third ,, ,, . . . 

-I- 

++ 

Dead 

Fourth , , ,, . . . 

Fifth , , , , . . . 

Sixth ,, ,, . . . 

Seventh ,, ,, . . . 

. . . 

. . . 

-t 

+++ 

Dead 

. . . 

. . 

. . 

. . 

t 

++ 

+++ 

Dead 

. . 

. . . 

-- 
B. 

+ 

+ 

++ 

+++ 

+++ 

+-!-+ j 

Dead / 

In this and the following tables- 
- =h’o parasites. 
+ =Up to half a dozen parasites per field in a fresh wet film of blood (from t],e 

tail) one corpuscle in thickness, with a Zeiss “ D ” lens and Ko. 2 ocular. 
+ + = Ten to twenty parasites per field. 

+ + -t = Imumerable parasites. 

The parasites increase progressively in the blood. 
death invariably occurs on the third day; 

In uagsna-infections 
and in dourine, from two to four 

days later. For the therapeutic experiments this standard inoculation was 
always used; but a number of observations has been made on the efl’ect of 
varying the dose of the inoculation-material in the case of nagana. The 
results of three such series are given in Table II. All the mice in series A 
were inoculated with the same infective material, the only difference being 
in the amount, and so also in G and in C. Thus, it appears that the 
duration of the disease depends to some extent on the dose, very large 
amounts (0.2 cc.) causing death within thirty-six hours (u& series A). 
The injection of 0.005 c.c.-only a fourth of the standard dose-produces 
an infection which is little if at all protracted. In the case of extreme 
dilutions (aide series I3 and C) the incubation-period is prolonged ; but after 
the appearance of scanty parasites the infection, as a rule, follows the usual 
course. In two instances infection did not occur after minute doses (O-0001 
nnd O*OOOOl c.c.). -This is, in all probability, an indication of a degree of 
natural resistance to infection which varies with the individual, and which 
can come into play effectively only where a very small number of parasites 
is injected. That such a resistance does appear when attenuated strains are, 
used for inoculation will be shown later. 
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TABLE II. 

A. 

I 
Amount of Blood used for Inoculation. 0’2 C.C. 0’05 C.C. 1 0’01 C.C. 0.005 C.C. 

~ 
First day after inoculatiou . . . + + -I-+ + i 

Second , , ,, . . . Dead 14 +++ i +++ ++ 
daJ3 I 

Third ,, ,, . . . . . . Dead 2) ! Dead Dead 
days j 

I 

B. 

Amount of Blood used for 
Inoculation. 

First day after inoculation . - - - - 
Second ,, 
Third ,, 1: : 

++ i-i- - - 
++++++ + 

Fourth ,, ,, . Dead Dead + + + + z + +‘+“+ 
Fifth , , , , . . . . . . 
Sixth Dead Dead Dead 
Seventh 1: 1: 1 1:: ::I :I: 1:: 1:: 1 . . 

I I ... ..’ __~-.-- 

0’000005 C.C. 0~0000005 C.C. 

First day after inoculation . - - 
Second ,, ,, . - 
Third 
Fourth :: :: 
Fifth ,, ,, 
Sixth 
Seventh :: 1: 

- - - I - 

z 1 I 
- - - 

Amount of Blood used for 
Inoculation. 

First dayafteriuoculation 
Second ,, ,, 
Third ,, ,, 
Fourth ,, ,, 
Fifth 
Sixt.h :: 1: 
Seventh 
Thirty-sixth :I 1: 
Xinety-first ,, ,, . iie.verbecame . . . i . . . 

mfected 
I 1 
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In regard to the employment of chemo-therapeutic substances 
there are three general considerations-(l) dosage and mode of 
administration ; (2) the time of intervention in the course of the 
infection ; (3) th e criterion of effective treatment. As to dosage: 
even the most efficient substances known are certain in their action 
.only when the dose approaches the toxic limit, and a proportion of 
hyyer-sensitive animals succumb to the treatment. Accordingly, the 
‘c’ therapeutic dose ,, is fixed at two-thirds of the maximum dose 
which average animals will tolerate The high doses employed by 
some workers’ would indicate that different strains of mice vary in 
their susceptibility to toxic action. The hyper-sensibility of 
particular individuals is independent of weight. The WX& of 

.administmtion: (1) Subcutaneous injection. In referring to the 
.dosage the very convenient arrangement introduced by Ehrlich will 
bbe used throughout. The statement that “the therapeutic dose is 
1 : 10 0 ” means that the dose given to a mouse weighing 20 grms. 
is 1 c.c. of a 1 per cent. solution ; on this basis a 15-grm. mouse 
:gets O-75 CC., and so on. (2) The method of feeding with the substance 
incorporated in ,‘ cakes,” first employed by Ehrlich. This is of great 
value where compounds, e.g. the basic triphenylmethane dyes, produce 
*extensive induration and necrosis when injected, but are readily 
Iresorbed from the alimentary canal, and also where it is desired to 
keep the body saturated with a drug for a long period. 2%e l&z,e of 
.intercedion “ under standard conditions ” in nagana - infections has 
*always been twenty-four hours after inoculation, n-hen scanty parasites 
.are already found in the blood on microscopic examination. As will 
Ibe seen later, the efficiency of a chemo-therapeutic agent, other 
things being equal, depends on the time nhich has elapsed between 
inoculution and treatment. The c&e&on of sterilisatioa and cure is, 

.of course, that the parasites never again appear in the blood. In the 
case of the very virulent nagana-strain used-in this work, the treatment 
being carried out under standard conditions, it has been judged sufficient 
to examine the blood daily for the first five weeks after treat,ment, 
then at intervals for the next ten days, and thereafter to keep the 
.auimals under observation in the laboratory for at least three months. 
If at the end of t.his time the blood is still free of parasites the animal 
is counted as “ cured.” In no instance has an auimal died from trypan- 

‘osome-infection during the latter three months. Where trea.tment was 
begun on the second day after inoculation, and where recurreuces were 
treated, no animal was held to be cured unless its blood remained free 

‘of parasites for six months after cessation of treatment. 

I. THE ACTION OF CHEXIO-THERAPEUTIC AGENTS IN EXPERIMENTAL 
TRPPAXOSONE-IIWECTIOXS. 

The effective compounds, so far as is at present known, belong to 
-three distinct chemical groups-(l) dyes which are derivatives of 
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benzidin and its analogies; (2) basic triphenylmethane dyes ; (3) 
arsenical compounds, especially atoxyl, which is the sodium salt of 
para-amide-phenylarsenic-acid and ibs derivatives. Table III. shoxvs 
the therapeutic doses of the compounds employed. 

TrzJpawred (1 molecule- tetrazotised benzidin-monosulphonic acid + 2 
molecules Sa-llaphthSlnmin-disulphonate 2, 3, 6) seldom produces complete 
cure in nagann-infections. 

Tr~~pan-blue (1 molecule tetrazotised tolidin + 2 molecules Ka-amido- 
naphthol-disulphonnte 1, 8, 3, 6) was introduced by hiesnil and n’icolle (1906). 
It is much more etfective than trypan-red in nagana-infections, and a complete 
cure occurs in a number of instances. 

TABLE III. 
-~~__ 

C:OlllpOlllXl. Dose. 

__~ ..- __- ~~ 

Trypan-red . . . . . . . . . . 1 : 200 

Trglxwlhe . . , . . . _ . . 1 : 200 

Trypan-violet . . . . . . . . , 1 : 150 

Parafuchsin . . . . . . . . 1 : 1000 

Ethyl-violet .......... 

Diibner’s violet ......... 

Atosyl ........... 

Acet~l-pala-3niido-l,llenSlarsenir acid and the par-osy-1 
benzglid~ll-derivative ...... i 

1 : 750 

1 : 500 

1 : 300 

1 : 30 

Tr~~uw~Xet (1 molecule para-diamido-diphenylurea +’ 2 molecules Xa- 
amido-naphthol-disulphonate 1, 8, 3, 6)-Nesnil and Sicolle-is not much 
more efficient than trypan-red in nagalla-illfectiolis. 

After injections of all these drugs the skin becomes dyed, and 
the colour persists for several months. They have practically no 
trypauocidal action iz vitro. 

Pamfml~sin (trinmido-triphenylmethane-chlorhydrate) was introduced by 
Ehrlich and Franke (19Oi). The therapeutic dose, under standard conditions, 
bot,h in nagana-infections and in dourine, causes the parasites to disappear 
from the blood for from seven to twelve days; but vefy rarely ca.uses complete 
cure. Induration and necrosis frequently follow subcutaneous injection. 
Ehrlich found that parafuchsin oleate is well resorbed from the alimentary 
canal. Powdewd “Albert * biscuit is soaked in a solut,ion of 1 grm. para- 
fuchsin base dissolved by heat in 10 grms. oleic acid I (Kahlbaum), and 
90 grms. alcohol, in the proportion of 3 C.C. to each biscuit weighing 8 grms. 
When the alcohol has evaporated, 0.6 of a grm. of “glidin” per biscuit is 
added; a dough is made with milk, roHed out thin and allowed to dry. 
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Mice will tolerate continuous feeding with these cakes for months. 
Animals fed for some days and then inoculated with nagana and fed 
further for a week almost never become infected (Ehrlich (1907)): In 

experiment of this kind, performed by the author, eleven mice were 
fed with parafuchsin for six days before inoculation, and for from 
seven to nine days thereafter; ten of these mice never became 
infected. When the parafuchsin-feeding iS not begun till parasites 

have appeared in the blood recurrence is the rule. 

E1?~~l-violet (hexa-ethyl-pararosanilin) is less efficient than parafuchein in 
nagana-infections. 

Dher’s violet (diamido-triphenylmethane-chlorhydrate) approaches para- 
fuchsin in its action in nagana-infections. 

These compounds do not cause the skin to become dyed ; they are 
actively trypanocidal in vitro. 

Arsenious acid injected at the same time as the inoculation with nagana 
frequently did not cause even twenty-four hours’ protraction of the infection. 

Atozyl was first of all introduced as a therapeutic agent in the treatment of 
trypanosome-infections by Thomas (1905). 
determined its constitution. 

Ehrlich and Bertheim (1907) have 

acid, CGH4~$$& (a> 

It is a sodium salt of para-amido-phenylarsenic 

and contains 24.1 per cent.of arsenic. Ehrlich and 

t,he author have invesiigatid the toxicity of this substance in an extensive series 
of animals. With the strains of mice in their hands & grm. was the largest 
dose which was tolerated, on the average, by a 20grm. mouse. But some 
animals will tolerate double this amount. 
1: 200, seven survived and four died. 

Of eleven mice receiving a dose of 
Of twenty-nine mice receiving 1 : 150, 

only seven survived ; of these only one was distinctly ill, the others showed little 
or no sign of intoxication. Death does not occur at once ; five died on the third, 
seven on the fourth, five on the fifth day. Animals which have once borne a 
large dose (1 : 150) will again, after an interval of ten days, bear a repetition 
of the same injection. On the other hand, particular, hyper-sensitive, animals 
die four or five days after a single dose of 1 : 300. Accordingly, Ehrlich 
concludes that each animal has tolerably stable constitutional characters which 
determine its susceptibility (“ gift-titer “). The results of the author’s 
experiments with atoxgl in nagana-infections under standard conditions are 
shown in Table IV, Thus, in the majority of instances the therapeutic dose 

TABLE IV. 

Results. 

Dose of Atoxyl. 
I 

Blood never Animals dead Total. 

Cured. Recurrences. i rendered free from intoliication ; 
of Parasites. Blood free of 

Parasites. 

1 : 200 to 1 : 250 1 8 3 10 - . I- 22 

1 : 300 : . , 5 30 16 1 I : 350 to 1 : 450 . 0 8 6 “; ,“,” 
/ 

I%---JL. OP P*Tn.-ToI,. x1,. 
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(1 : 300) renders the blood free of parasites for a period up to fourteen days. 
Frequently, however, the trypanosomes never disappear from the blood. Very 
commonly, animals whose blood has been rendered free die poisoned four or 
five days after treatment. The great irregularity of the action of atoxyl is well 
shown in the series in Table V. C k a es containing 0.125 per cent. by weight 
of atoxyl are tolerated usually for ten consecutive days. Feeding begun 
twenty-four hours after inoculation and continued for three days after 
disappearance of parasites from the blood leads to cure not infrequently (IGhl). 

7 

Serial No. W. 16. w. 17. W. 18. V’. 19. 

I day after inoculation . 

2 ,, >, 

3 >I ,, 

4 ,9 1, 

5 >, ,, 

“I 

81 ” ” 

9 9, ,, 

10 1, ,, 

11 ,, ,, 

I56 >> $3 
__--~-. _ 

TABLE V. 

hf. 
+’ 

+ 

+ 

+++ 

Dead 

. . . 

. 

. . . 

. . . 

. . . 
--.- 

Ill!-. 
+’ 

- 

Cured 

Inf. 
+’ 

- Ill 

Dead 
(Iloisoned) 

. . 

t.. 

. 

. 

. . . 

Inf. 
sl 

+ 

- 

- 

--___ 

Controls. 

Inf. 
+ 

-t + + 

Dead 

. 

. 

-I- / . 1 
+++i . . 
Dead. ._. 

. i .._ 

-7 

(b) 
-- 

Inf. 
+ 

+++ 

Dead 

. . . 

. 

. 

. . . 

. . . 

1 = Atonyl 1 : 300 injected suhltaneousl~. 

Acetyl-dada-aIlzido-~l~clly.yln~sc~lic-acid and the Para-oxybclL~y:yl~eIlc- 
rlehvative of para-amido-phenyla?senic-acid introduced by Ehrlich are 
the most efficient agents in the treatment of nagana-infections in mice 
.at present known. The acetyl-derivative contains 29 per cent. of 
arsenic, and the para-oxybenzylidene-compound 24 per cent. More 
than ten times as much of these compounds ‘as of atoxyl can he borne. 
A dose of 1 : 20 is frequently tolerated, and 1 : 30 to 1 : 40 can be 
injected on five or even more consecutive days. A remarkable series’ 
of symptoms often follows the administration to mice of the acetyl- 
derivative, in the form eit,her of a single therapeutic dose, or of repeated 
smaller .doses, or after feeding, and also after injections of the para- 
oxybenzylidene-derivative: On the day after a single large injection 
the animal usually, when undisturbed, sits quietly in its glass; but 
\vhen it moves a general muscular tremor becomes apparent. This is 
very marked in the ca.se of the neck-muscles, the head is thrown about 
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in all directions; especially characteristic is a jerking hyper-exteusion 
of the head, causing the animals to look up into the air. Three or 
four days later the co-ordination of the limb-movements is seen to be 
disturbed. The mouse cannot run forward, but exhibits a distinct 
retrogression, the hind legs being spread aide apart. After a time 
the retrogression-movement becomes less apparent, and then the mice 
begin to behave in a manner indistinguishable from that of Japanese 
dancing-mice. In their glasses or on , the open floor they go round in 
circles for hours at a stretch. The animals turn indiflerently in one 
direction or the other; but each seems to “ prefer” one direction, 
making only occasionally a few reverse turns. This condition has 
persisted undiminished in animals under observation for twelve months. 
otherwise, the animals are in excellent condition, and eat much more 
than normal mice. Mesnil, Nicolle, and Aubert (i. 19 07) have 
recently described a similar condition in rats treated with atoxyl; this 
has also been observed by the author; but the phenomenon was not 
so pronounced as in the mice treated with the derivatives. 

In test-tube experiments the sodium salt of acetyl-para-amido- 
phenylarsenic acid in water, in a concentration equal to 1 per cent. of 
the free acid, has no effect on the mobility of the trypanosomes of 
nagaua after contact for two hours a,nd even longer at room-temper- 
ature. Under the same conditions a 1 per cent. solution of atosyl 
shows only a very weak effect on the trypanosomes. The results 
of therapeutic experiments with these derivatives, under standard 
conditions, is given in Table VI. It is seen that-( 1) a single 
therapeutic dose has effected complete cure in 94 per cent. of the 
.animals which tolerated the injection ; (2) a IIalf to a fifth of the 
therapeutic dose rendered the blood free in every case, and cured 
36 per cent.; (3) d oses so small as a seventh to a tenth of t,he 
therapeutic dose were not much inferior to the therapeutic dose of 
atoxyl. Equal11 good results were got in dourine-infections. 

TABLE VI. 

- 

Cured. 

31 

8 

0 
-_ - 

- 

. . 

- 

Results. 

Recurrences. 

2 

14 

7 

Blood never 
rendered free 
of Parasites. 

0 

. 0 

0 ( 
- 

Animals dead 
from intoxica- 
tion ; Blood 

free of 
Parasites. 

- 

I 
I 

_- 

Total. 

3 j36 

0 22 

l(?) s 
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Tile next point to be determined was the c&t of givb~ the 
t/~cqc&c injectiolt on th second day after i?toculatrion with nagana, 
i,c. at a time within twelve to eighteen hours before death, when the 
blood is swarming with parasites. 

Twelve mice received a single dose (1 : 40 to 1 : 50) of the para-oxybenzyl- 
idene-compound under these conditions. In every case the blood was found 
free of trypanosomes on microscopic examination twenty-four hours later ; but 
in every instance, after a period of from ten to seventeen days, recurrence took 
place, and the infection terminated fatally. In five animals treated with 
1 : 75, recurrence took place seven to twelve days later. As a control, a 
number of animals of the same series were treated with atoxyl on the second 
day; five which received a large dose. (1 : 200 to 1 : 250) had recurrences 
from the seventh to the thirteenth day; and of five receiving the therapeutic 
dose (1 : 300) the blood in three was never rendered free, and the other two 
had recurrences on the seventh day. The treatment of advanced infections 
by repeated small doses was also unsatisfactory. Out of seventeen animals 
which received from three to eight injections of the pnra-oxybenzylidene- 
compound 1 : 70, only five were cured. Thus, it is clear that neither a single 
large dose nor repeated small ones sufficed. Accordingly, in two series, three 
to five injections of the acetyl-derivative in a dose of 1 : 40 were given. In 
some the first three doses were given on consecutive days ; in others only the 
first two. Table VII. gives a representative example of the proceeding. Of 
twenty-two animals, 12 were cured (55 per cent.) ; five died with their blood 
free of parasites; five had a recurrence. 

TABLE VII. 

Serial X0. of Mouse. 

l-100 . . . 

Y 101 . . . 

‘1’102 . . . 

YlO3 . . . 

Ko. of Injections. 

5 

3 

3 

3 

Days subsequent 
to Inoculation on 
which Injections 

were given. 
_I 

/ 2, 3, 8, 16, 24 

i 2, 3, 8 

I 2, 3, 8 Died ten days after last 
Injection. Blood free 
of parasites 

2, 3, 16 Cured 

Resnlt. 

Cured 

Recurrence sixteen days 
after last jujection 

These results show clearly that t,he difficulty in effectSing cure increases 
with the duration of the infection ; or, in other words, with the number 
of parasites in the blood. Of course, it must be remembered that w-hen 
the infection is advanced the animals are in a highly abnormal state. 

In such advanced infections the method of con&~zcd treatment, 
where compounds belonging to diRerent chemical groups are used in 
alternation, gives much better results than injections of any one com- 
pound. .- The facts which establish the theoretical correctness of tlzis 
procedure n-ill be discussed later. By the use of trypan-blue in 
alternation with t,he acetyl-derivative twenty-three out of thirty-three 
animals, i.e. sixty-nine per cent., were cured. Table VIII. illustrates 
the mode of procedure. 
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TABLE VIII. 
f 

I 
Serial number Therapeutic Agent and Number 

of ~Iouse. Dose. of Injec- 
tions. 

P 105 . (~ Acetyl-derivative, 1: 40 4 
. -\ Trypan-blue, 1:zoo 1 

- 

Days subsequent 
to Inoculation on 
wbicb Injections 

were malle. 

Result. 

-__, 
I 

2, 3, 8, 21 1 
4 

j Cured I 

Recurrence 
2, 3, S, 16 I 
4 j 

~~~~~~h$~~ ten 

2, 3, 4, 8 :‘3, ‘1 , Cured 

lb 

4, 8 

‘> ,t 

Specially favourable results have been got in advanced infections 
by an injection of the acetyl-derivative 1 : 40, on the second day 
after inoculation, followed by feeding with cakes containing 0.125 per 
cent. of atoxyl, begun on the nest day, and continued for ten or eleven 
days. Of eleven animals thus treated ten were cured. 

The treatntent of ~ecz~w~~2ccs has been systematically carried out 
in the case of fifteen animals where the original treatment was begun 
on the second day. Five of these were ultimately cured. The details 
are given in Table IX. 

TABLE IX. 

Serial h’urnbel 
of Mouse. 

Y94 . . 

Y 106 . . 

I’ 107 . . 

269 . . 

z7i. . . 

Original Treatment. 

Acotyl-derivative, 1 : 40 on the 
second, third, fourth, and 
eighth 1 days after inocula- 
tion. 

Acet,yl-derivative, 1 : 40 on the 
second, third, eighth, and 
twenty.first da.ys ; t.rypcn- 
blue, 1 : 200 on tbe fourth day. 

Acetyl-derivative, 1 : 40 on tile 
second, third, and sixteenth 
days ; trypan-blue, 1 : 200 
on the fourth day. 

Acetvl-derivative, 1 : 40 on the 
second, third, fourth, and 
eighth day. 

Aretyl-derivative, 1 : 40 on the 
second, third, fourth, and 
eighth days. 

- 

_. 

Subsequent History and Treatment. 

First recurrence, 18 days after last 
injection, + trypanosomes in blood; 
wet 

Secon $ 
l-derivative, 1 : 40. 

recurrence! 20 days later, 
+ trypanosomes m blood ; atoxyl- 
derivative, Ko. 331, 1 : 40. Two 
days later, do. 

Third recurrence, 22 days later, 
+ + -I- kypanosomes in blood ; 
acetyl-derivative, 1 : 40. Three 
days lat.er, atoxyl-derivatire, No. 
331, 1 : 40. Cured. 

-I- + +Trypanosomes in blood 10 
dars after the last injection; acetyl- 
dckative, 1 : 40. Do. rc~pe,~ 
1, 2, 8, and 14 days later. 

+ +Trypanosomes in blood 21 days 
after last injection ; acetyl-deriv- 
ative, 1 : 40. Do. repeated 1 and 3 
days later. Cured. 

t’lkypanosomes in blood 2 days 
after last injection ; acetgl-deriv- 
ative, 1 : 40. f- i ttrypanoeomes 
in blood next day, 1 : 200. Cured. 

t Trypanosomes in blood one day 
aft.er last injection ; acetyl-deriv- 
ative, 1 : 40. + + + trypanosomes 
in blood next day, 1 : 200. Cured. 
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Specially worthy of note are-(l) P 94, where cure took place 
after three recurrences, the whole treatment being with para-amido- 
phenylarsenic-acid-derivatives : (2) Z 69 and 77, where an atoxyl- 
resistant strain (see below) was present, and which were cured by 
a single injection of trypan-blue wben abundant parasites were present 
in the blood; a result which would point to a special sensitiveness of 
t,he parasites to the latter compound under these circumstances. 

II. THE BIOLOGICAL AccomoDATIoN OF TRYPANOSOMES TO 
CHEMO-THERAPEUTIC AGENTS. 

Franke and Rijhl(l9 0 7), working in Ehrlich’s laboratory, settled the 
question why an animal infected with trypanosomes could ultimately 
succumb to a recurrence, in spite of treatment with a drug which, 
although it had not effected destruction of all the parasites, neverthe- 
less had been effective earlier in the course of the infection in causing 
temporary disappearance of the trypanosomes. Working with mice 
infected with nagana and treated by parafuchsin-feeding, Franke found 
that when the recurrence ceased to respond to the treatment, inocula- 
tion into fresh animals gave rise to an infection which was from the 
very beginning uninfluenced by parafuchsin, administered either by 
feeding or by injection. Rohl so increased the “ resistance” of this 
strain that on inoculation into animals fed with parafuchsin for days. 
or even weeks beforehand, the infection proceeded as in normal un- 
treated animals. As has been seen, animals similarly treated and 
then inoculated with the normal nagana-strain in 90 per cent. of cases. 
ne.ver become infected. 

Atoxyl-resistant strains of trypanosomes were developed by the 
author in a similar fashion. Mice were inoculated with the normal 
nagana-strain. On the appearance of scanty parasites in their blood 
the ordinary food was replaced by atosyl-cakes. Thereafter, the 
trypanosomes usually persist in the blood, and may even increase in 
numbers for several days, and then disappear more or less suddenly. 
When the blood was found free of parasites on three or four successive 
days, ordinary food was again given. Daily examination of the 
blood was continued, and on the first appearance of trypanosomes. 
atosyl-feeding was again carried out as before. After several recur- 
rences fresh animals were subinoculated, and the same proceeding 
again carried out. Subsequent to the third passage the subinoculation 
was, in general, made as soon as the infected animal had abundant 
parasites in its blood. From the twentieth passage onward one 
animal in each passage was fed with atoxyl from the time of inocula- 
tion, and the other twenty-four hours later. The strain was in this 
way carried through upwards of 15 0 passages. The results presented 
marked irregularities, and it became manifest that, in contrast to 
what holds in: the case of the parafuchsin-resistant strain, absolute 
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resistance to atosyl, as tested by means of feeding, could not be 
attained. Acoordingly, the behaviour of the strain was tested by 
inoculating normally fed mice, and tben, twenty-four hours later, 
when scanty parasites were present in the blood, injecting a full 
therapeutic dose of the acetyl- or the para-osybenzylidene-derivative. 
This was done for the first time in the twenty-fourth passage. The 
result was that the infection was not protracted for even twenty-four 
hours. This is shown in Table X., which also illustrates the interesting 
fact that although atosyl-feedin g is much inferior to a therapeutic 

TABLE S. 

c:’ I L, 

First day . 
Second ,, . 
Third ,, . 
Fourth ,, , 

_- 

nocula 
con. 

+’ 
+ 

-I-++ 
Dead 

-i. 
I’ 

nocula- I, 

I-- -._ 
il 

, Inocula- ,’ 
tion. 

’ = 1 : 30 of the para-osybenzylidene-compound injected subcutaneously. 
a Atoxyl-feeding (indicated by the braced line). 

l This animal was fed with atoryl 
were inocnlated at the same time. 

for two days prior to inoculation. All the mice 

injection of the two para-amido-pbenylarsenic-acid-derivatives in the 
treatment of an infection with the normal strain, nevertheless feeding 
frequently causes the resistant parasites to disappear from the blood 
for a time; but no cure as the result of atoxyl-feeding has occurred 
since the thirteenth passage. Further, the resistance is so highly 
developed that a full dose of either of the derivatives injected at the 
time of inoculation, into a different area of course, and then repeated 
twenty-four hours later, scarcely leads to forty-eight hours prot,raction 
of the infection. Even after the resistance, as tested by injection of 
the para-amido-phenylarsenic-acid-derivatives, was fully developed, the 
results of atoxyl-feeding showed variations which are to be ascribed to 
individual peculiarities, as well as to mere differences in appetite. 
Thus, where feeding was begun at the time of inoculation, or even two 
days beforehand, e.g. mouse C, Table X., parasites usually \yere found in 
the blood after twenty-four to forty-eight hours. They then increased 
in numbers, and the animal might die as if untreated, or the trypano- 
somes might persist in enormous numbers and death be delayed for some 

, 
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days, or they disappeared later. More rarely parasites did not appear 
so long as atoxyl-feeding was continued. Sometimes during feeding the 
parasites disappeared and then reappeared, although the feeding had 
not been discontinued, and so a chronic course resulted. A resistant 
strain derived from the above-mentioned “ fed strain ” was maintained 
by iqjection of 1 : 40 of one of the derivatives simultaneously with 
inoculation in each passage. The course of infection in untreated 
controls in upwards of 100 passages showed that the virulence of the 
trypanosomes remained unimpaired. 

The following result shows that, under certain circumstances, 
atoxyl-resistance may be fairly rapidly acquired by trypanosomes. A 
mouse in the last stages of a nagana-infection-two out of four 
untreated controls were already dead-received a full therapeutic dose 
of a para-amido-phenylarsenic-acid-derivative. Next day this was 
repeated. On the day following atosyl-feeding was begun, and was 
continued for eight days. Two days thereafter parasites were present 
in scanty numbers in the blood; accordingly, 1 : 40 of the acetyl- 
derivative was injected, but without effect, as the trypanosomes were 
abundant next day. A subinoculation was made, and from that a 
series of mice was inoculated, and the behaviour of the parasites 
toward 1 : 40 of the acetyl-derivative tested, as shown in Table XI 

- 
- 

lday - 

i’ 

2 ,I + +++ +++ 

3 I, + t - f ’ D&%6 +!-+ 

4 ,, +++ i++ +++ . . . Dead 

5 9, Dead +++ ! - +++ . . . 

6 3, Ihad ; - Dcsd . . . . . 
I 

7 I, . . . . . . / f . . . . . . 

a ,, . ! ++ . 

9 >I ! + + -I- . . . . . 

0 I> 
i 

. . . Dcnd . . . . 

TABLE XI. 

1 =Acetyl-para-amido-phenylarsinic-scid, 1 : 40 injected. 

Thus, after ten days of trea,tment a distinct degree of resistance was 
present; but the behaviour of mouse C, where the blood was rendered 
free for five days, shows that the resistance was not sufficiently high 
to prevent a degree of therapeutic eflect in certain individuals; the - 



CHEMO-THERAPY IiV TR YPANOSOML;-INFECTIONS. Ii9 

strain was semi-resistant. In contrast to this is the mouse T 94 
(Table 3X.) already referred to. Thus, while chemo-resistance is a 
property of the trypanosomes themselves, it is not unlikely that 
conditions for the development of such resistance may vary with the 
particular host. 

A strain resistant to trypaddz!c was readily obtained. Starting 
with an injection of 1 : 600-the dye is not well resorbed from the 
alimentary canal -and gradually increasing the dose in subsequent 
passages, it was found that after four weeks, in the tenth passage, the 
therapeutic dose (1 : 20 0) under standard conditions, caused no 
protraction of the infection, and a week later the same dose injected 
at the time of inoculation was tested, with the same result. 

The original nagana-strain was somewhat susceptible to trypan- 
~ccl (trypan-red debilis -Ehrlich), as the therapeutic dose under standard 
conditions rendered the blood free for two days, and delayed death for 
four days beyond the controls. Proceeding as in the case of the trypan- 
blue-resistant strain, complete resistance to a dose of 1 : 200 injected 
at the time of inoculation was attained in three weeks. 

It has been possible to render a strain highly resistant both to 
the para-amido-phenylarsenic-acid-derivatives and to trypan-blue. 
Animals inoculated with the atoxyl-resistant strain were treated with 
increasing doses of trypan-blue in successive passages, just as described 
above. After five weeks the resistance t’o trypan-blue was complete. 
Up to the forty-first passage the treatment was only with trypan- 
blue. As tests in the twenty-seventh and forty-first passages showed 
(Table XII.), the resistance to the acetyl-derivative persisted unimpaired, 

TABLE ~II.-T~cellt~-seventh Passage. 

Inoculation : at the Inoculstion : at the 
same time- same time- 

AcetSl-dcd~~ati~e,l: 40. 1 : 200. 
i-Tq-pan-blue, 1 : 200. 

Trypan-blue, 
1 
1 

First day after inocnl:tf.ion - 

Seeonci ,, :: + 

Third ., :, j + + + 

Fomtll ,, ,. Dc.zd 

Inoculation : at the same time-acetSl-derivati\,e~ 1 : 40 

First day after inoculation -t Trypan-blue, 1 : 200 
Second 
Third ‘,I 

+++ 
Dead 

Control. 
,loculatioi 
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and an injection af a full dose of this substance at the time of inocula- 
tion, along with a full dose of trypan-blue administered simultaneously 
(twenty-seventh passage), or on the following day (forty-first passage), 
did not influence the infection. This strain was later on rendered 
resistant to parafuchsin in addition, so that ultimately it possessed a 
triptc resistance. 

Thus, by subjecting a strain of trypanosomes in the body of an 
infected animal to the prolonged action of a chemo-therapeuk agent, 
in a manner insufficient to produce complete sterilisation, there can 
result a profound alteration in the biological character of the parasites, 
which in fresh animals will give rise to an infection that no longer 
responds to the compound in question. It is to be noted that the 
resistance, which may be described as histogenetic immunity, is 
relative, not absolute, as the results of atoxpl-feeding in the atoxyl- 
resistant strain show. 

FUI~THER PEOPERTIES OF THE CRE~IIO-RESISTANT STRAIKS. 

As has been seen, the atoxyl-resistant strain is resistant to the 
two pars-amido-phenylarsenic-acid-derivatives. 
resistant strain is resistant to Dijbner’s violet. 

The parafuchsin- 
The trypan-blue- 

resistant strain is resistant to trypan-violet and to trypan-red, -and 
the trypan-red-resistant strain is resistant to trypan-blue. The re- 
sistance, accordingly, implies not merely specific insusceptibility to 
the action of the compound in response to which it has been nccquired, 
but also a positive increase of resistance, more or less marked, but 
always appreciable, toward substances of the same chemical type. 
This grozlp-resistance in the case of the benzidin dyes is interesting 
in view of the diflerences in details of constitution of the three 
members tested. The only feature common to all is the presence of 
sulphonic radicals (HSO,) in the positions 3, 6 in the naphthalin-nuclei 
of the side-chains. 

I 
H,N 

SO,Na 03 
IT&O, 
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~~~~a~~~~~o.~~-~~-~~.~~~~~~a~~~ 

(Trypan-violet.) 

Chemo-resistance finds a pa.rallel in the serum-resistance of 
trypanosomes observed by Franke (190 5), and of spirochetes (Levaditi 
and PLoche (1907)). On the other hand, the development of resistance 
to compounds of one group has not been accompanied by a diminution 
in susceptibility to members of the other groups. Thus, the atoxyl- 
resistant strain was susc+tible to trypan-blue, trypan-red, trypan-violet, 
parafuchsin, ethyl-violet and Diibner’s violet, and in the same way 
the trypan-blue-resistant strain and the parafuchsin-resistant strain 
mere susceptible to all the compounds of the other groups. The, 
development of specific cbemo-resistance, as well as the natural 
variations in susceptibility of different species of trypanosomes 
toward particular substances, recorded by various workers (Ehrlich, 
Mesnil and Nicolle, Wenyon (19 0 7)), and the alterabions in susceptibility 
of the same trypanosome-species as the result of passages through 
different animals (Franke (19 05)), are unintelligible apart from Ehrlich’s 
theory that a direct chemical relationship exists between the thera- 
peutic agent and particular atom-groups of the protoplasm of the 
parasites, the c?emo-mccptom, a conception which has been arrived 
at independently by Langley (1906) in another field of investigation. 

Chemo-resistance when once acquired persists for long periods 
when the strains are passed through normal untreated animals. Thus, 
one atosyl-resistant &rain was still highly resistant a.fter 140 passages 
through mice during fourteen months. In another st.rnin the resist- 
ance was still maaked after 67 passages during six months, but in 
the eighty-ninth passage, seven weeks later, the resistance was gone. 
The trypan-blue-resistant strain was still highly resistant after eighty 
passages extending over six months. So a.lso, after five passages 
through rabbits over a period of five months, t,be high specific resistance 
to trypan-blue was st.ill retained, as tested by treating mice inoculated 
\yith blood from the last rabbit. 

Inoculations with mixtures of two resistant strains show that the 
two varieties, although derived from the same stock originally, behave 
as if they were distiiict species. 

Thus, a series was inoculated with a mist,ure of blood from a mouse in- 
fected with the atosyl-resistant, strain, and from one infected with the para- 
fnchsin-resistant &rain. Half of the animals were treated with parafuchsin 
under standard contlitions. In these the disease proceeded without check. 
From one of these, on t,he day after treatment, a number of mice \vere sub- 
inoculated. Part of these were treated with parafuchsin, xvhich had no effect ; 
while the rest, treated with acetyl-parn-amido-phenylarsenic-acid, were cured. 
The other half of the animals of the original mixed infection were treatedwith the 
acetyl-derivative, but without effect. Subinoculations mere treated as before ; 
but in this instance only those injectecl with parafuchsinresponded to treat,ment. 
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After such a mixed infection has been repeatedly passed through 
normal animals the two resistant components may still be present side 
by side on testing, as described above. This was the case with the 
mixture of the trypan-blue resistant and the atosyl-resistant strains 
after tvienty-five passages ; but in the case of the parafuchsin-resist- 
ant and the atoxyl-resistant strains the former element was still 
evident in the eleventh passage, but in the twenty-fifth had disappeared, 
as shown in Table XIII. This is probably to be explained by t,he 
atosyl-resistant component outgrowing the other, and so leading to 
its elimination. 

TABLE XIII. 
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III. I~I~ICP~ITT-PHEN~~IENA. 
a 

The uniform high susceptibility of mice to infection with the 
nagana-strain is shown by the acute and regular course of the es- 
perimental disease. Accordingly, prolongation of the incubation-period, 
or protraction of the course of infection, are certain indications of 
immunity on the part of the mouse, or of attenuation of the try- 
panosomes. 

1. TJLC bchaziour of the !Z’qpanosonLcs i?xiiLedialely afttey the 
administratiolt of a TJwrapeutic Agent. 

Twenty-four hours after the injection of a therapeutic dose of 
Ehrlich’s para-amido-phenylarsenic-acid-derivatives no parasites are 
found in the blood on microscopic esamination. Accordingly, for the 
study of immunity phenomena the animal must be reinoculated. But 
where smaller doses are employed, or the drug used is less efficient, 
e.g. atosyl, the trypanosomes may not disappear for several days. 
This suggests that anti-bodies have developed as the result of destruc- 
tion and resorption of a proportion of the parasites, and have then 
come into play (Ehrlich and Shiga). This phenomenon has been very 
pronounced in experiments with ethyl-violet and Dobner’s violet, the 
parasites not merely persisting for some days, but, in addition, increas- 
ing greatly in numbers before disa,ppearing (see Table XIV.). 

TABLE XIV. 
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2. I~~o~~~plctc destruction of tJLc Trypa?bosomes, foblowed by .T~ecrmmce. 

Table XV. shows details of the recurrences in a series of 
therapeutic experiments made by Ehrlich and the author, to test the 
efficiency of various para-amido-phenylarsenic-acid-derivatives in 
nagana-infections under standard conditions. For the most part the 
therapeutic dose was used ; but in some instances, where the 
compounds were fairly efficient, smaller doses 11.ere also employed. 
Those cases are neglected where the blood was not rendered free of 
parasites for at least three days. It will be observed that nearly 
three-fourths of the 138 recurrences occurred between the sixth and 
eleventh day. In only four, less than 3 per cent., did the recurrence 
take place after the fifteenth day. When the parasites reappeared in 
the blood, death followed in over 90 per cent. within three days, just 
as occurs in the infection in untreated animals. Xix days was the 
longest time between reappearance of the trypanosomes and death. 
The conclusions are-(l) where destruction of the parasites is not 
complete the reappearance of trypanosomes is seldom much delayed 
beyond the end of the immunity-period, as determined by reinoculation 
experiments, which iverages ten days in length (see below, p 186) ; 
(2) the virulence of the residual parasites is practically unaffected. 

In the case of infections treated on the second day by a single 
dose of the acetyl- or the para-oxybenzylidene-derivative, it was found 
that the period during which the blood remained free from parasites 
was longest with the largest doses. Further, the length of the free 
period after the injection of the therapeutic doses of these compounds 
.on the second day was on the average fourteen days, as compared with 
niue days in the series treated on the first day (Table XV.). 

TABLE XV. 

Day following the them- 4 5 6 7 8 9 10 11 12 13 ILater than the 
peutic injection 14 15 16 17 18 19 20 J twntieth day 

Total number of I‘BCW- 3 i PO 17 17 32 17 7 6 4 
rences on each day 3 1 0 2 0 0 2, -I None I 

Percentage of recurrences / 2.2 5.1 14’5 12’3 12’3 23’2 12’3 5’1 4.3 3-O ‘\ 
on each day 2.2 0.7 0 0’15 0 0 0’151 O ~ 

Lpp..----~---~ _ I. I 

Where the original infection or a recurrence has been treated by 
qmted injections the free period has frequent,ly been much longer. 
Thus; in one mouse infected with nag,zna, and treated througlmut \vith 
para-amido-phenylarsenic-acid-derivatives a second recurrence tool< 
place fifty-three days after the first, which had been treated -by re- 
peated injections, the last of which was given thirty-nine days before 
the second recurrence. The preservation of virulence by the trypano- 
somes is well illustrated by a case where the second recurrence, sixty- 
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nine days after the original inoculation and forty-one days after the 
first recurrence, which had been treated with four therapeutic doses 
and atoxyl-feeding for nine days was left untreated, and the mouse 
succumbed to the disease four days later. I 

The condition of (( IVLIILU&~S WOOL stedisnm ” (Ehrlich), where 
attacks of the disease and immunity-periods alternate, or where au 
equilibrium is established between l’arasite and host, so that the latter 
continually has parasites in its blood but suffers no ill effect, is 
frequent in diseases due to protozoa. In chemo-therapeutic experiments 
comprising over 1000 mice infected with nagana the first recurrence, 
when untreated, has quickly terminated in death. In only four 
animals has a chronic course resulted after treatment ; the compound 
used being an impure basic dye, whose active constituent has not beeu 
isolated, either alone or with one of the para-amido-l~benylarsenic-acicl- 
derivatives. The parasites appeared in the blood at irregular intervals, 
aud followed no regular course either as regards their numbers or the 
length of time for which they persisted. Subinoculations were made 
from one of these, and then further passages. The strain was 
markedly diminished in its virulence, which bad not risen to normal 
till the tenth passage. It is interesting that one mouse of the scco?zd 
passage, after an incubation-period which was not much protracted 
{two days), developed a typical chronic infection (Table XVI.). 
Death occurred on the 128th day, with abundant parasites in the 
blood. The liver and spleen were much enlarged, weighing 
respectively 4.8 and 2.1 grms. It is evident that this animal xvas 
exceptionally resistant, and that the infection \vith an attenuated 
strain brought into evidence this individual characteristic, which would 
never have appeared had the inoculation beeu made with the ordinary 
highly virulent strain. 
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3. CJironic Infcclio~~s follohlg Iuoclrlcttio7t wit?L StTaixs which IlnW bee91 
.bcnted in vitro. 

Defibrinated trypanosome-containing blood was mixed with 
WlrJ-ing strengths of parafuchsin. The parafuchsin solution was 
made by dilutin g a 1 per cent. solution of the dye in methyl alcohol 
with sterile isotonic (S per cent.) watery cane-sugar solution, as salt 
tends to precipitate the dye. After the mixture had stood in the 
laboratory for twenty minutes, mice were inoculated with the mjiture, 
and received the usual dose of parasites. Controls were, of course, 
always made with suspensions of the infective blood in sugar-solution 
without any dye, and showed that the sugar itself had no injurious 
eff’ect on the trypanosomes nnder these conditions. So also, the 
amount of alcohol from the stock-solution of the dye was not a 
disturbing factor. In the case of two mice in one series, a dilution 
of 1 : 300,000 of parafuchsin caused the trypanosomes to appear 
three days later than in the controls, thus showing how delicate 
the biological test is as a means of detecting damage of the para- 
sites. Of thirty-six animals inoculated with trypanosomes which 
had been acted on by parafuchsin in dilutions varying between 
1 : 50,000 and 1 : 90 00, eight became subjects of a chronic in- 
fec%ion. The longest duration of the disease was 114 days, parasites 
having been first observed on the fifteenth day. Five mice never 
becsme infected. The varying behaviour of individuals is striking. 
Thus, two mice were inoculated at the same time with equal amounts 
of infective blood, treated with parafuchsin 1 : 1 S,OOO. Mouse No. 1 
had scanty parasites in its blood siS days later, and died of the in- 
fection two days afterwards Mouse No. 2 never became infected. 
In another series, two mice were inoculated with blood treated with 
parafuchsin 1 : 50,000. Mouse No. 1 had parasites in its blood for 
the first time nineteen days later; the infection ran a chronic course, 
and de;lth occurred on the thirty-sisth day after inoculation. Mouse 
Xo. 2 had trypanosomes in its blood for the first time on the eleventh 
day, and it succumbed to the infection two days later. In all the 
chronic infections deat,h occurred with abundant parasites in the blood. 
It is remarkable that such semi-immunity, analogous to what Koch 
produced by inoculating cat’tle with att,enuated trypanosomes, and 
Frnnkc observed on reinoculating a rabbit which had been cured of an 
infection with ma1 de Caderas lay injections of trypan-red and arsenic, 
occurred so frequently where the trypanosomes were acted on in r;f~o, 
but were extremely rare in inf&ions treatted by injections. 

4. Rei~roc~clntion Eqm%cnts. 

(a) As~imals the s&juts of clumic i~nfktion.-Four such animals 
were reinoculated with the usual amount of blood containing the 
normal virulent nagana-parasites. Of these, one mouse, which had 



become the subject of a chronic infection as the result of treatment 
with the impure basic dye, died at the same time as the controls. 
The other three were animals nhieh had been injected Tvith 
trypanosomes of the virulent nagana-strain which had been acted 011 
by parafuchsin i?~ &To. TKO died of the infection five days after 
inoculation --that is, two days aft,er the controls. The third mouse, 
which had been inoculated with trypanosomes acted on by parafuchsin 
1 : :36,000, showed no parasites in it’s blood for fourteen days after 
reinoculation with the virulent strain. It eras, accordingly, once more 
inoculated, and thereupon infection developed promptly, and it died at 
the same time as the controls. These results are similar to observa- 
Cons of %Iart,ini (1905) iu the case of horses. 

(b) Rcimcztlation of aninzak pvviously i3lfcctcd am? trccrted by a 
cl~o)zo-thera~cuiic rl@.-As Ehrlich has pointed out, reiuoculation 
with the virulent strain is the most precise method of determining the 
duration and degree of the immunity following treatment with a 
chemo-therapeutic agent. By adopting such a proceeding both the 
virulence and the amount of the infective material are known, and 
accordingly any abnormality in the development of the infection can 
be due only to the action of anti-bodies. Ehrlich and the author have 
in this way determined the duration of the immunity-period in the case 
of the very virulent na,aana-strains. Animals were iuoculated with, 
for example, the parafuehsin-resistant strain, and twenty-four hours 
later, scanty parasites being present in the blood, a therapeutic dose of 
the acetyl- or the pnra-osybenzylidene-derivative was injected ; then, 
after four or five days the animals were reinoculated with the 
parafuchsin-resistant strain, the normal strain, and the atosyl- 
resistant strain, etc. Two series of controls Fere made along with the 
reinocnlations - (1) “ tmatcd ” co&& : animals which had been 
ilrjected with the same dose of the derivative, and at the same time as 
the infected mice, aud m-hi& show that the preventive action of the 
drug had disappeared ; (2) oTdinaq ,)lor,llaZ aai?llc-rls. The det,ails 
of such a series are given in Table XVII. 

Y%c resdts skew--1. That with these extremely virulent nagana- 
strains the immunity-period is of not more than ten days’ duration 
aft,er the therapeutic iuject,ion ; at the end of this time the parasites 
appear in the blood, aud death quickly follows. 2. The immunity- 
period is most clearly demonstrated xvhere the reinoculation has been 
made with the same variety of the nagana-strain as that uSed for the 
primary infection ; t#hat is, the parafuchsin-resistant &rain in t’he 
series shown in Table XVII. In the case of reinocuIat8iou with the 
atosyl-resistant strain no immunity can be shown to exist at all. 

Under concMous still more favourable for the appearance of 
immunity, namely, when treatment was begun on the second day, at a 
time when abundant parasites were present in the blood, and the 
therapeutic injectSion was repeated, it was clearly apparent that no 
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immunity existed on reinoculation with the atoxyl-resistant, strain. 
Seven animals were inoculated with the original nagana-strain ; forty- 
eight hours later, abundant parasites being present in the blood, they 
were injected with 1 : 40 of the acet,yl-derivative. The treatment 
was repeated on the following day. Two days aft,er the second 
injection t,hree of the mice were reinoculated with the original 
usgana-strain, and four were inoculated with the atosyl-resist,ant 
strain. In all those reinoculated with the original strain the blood 
remained five days free of parasites, while in the case of the second 
inoculation with the atoxyl-resistant strain parasit,es mere present in 
the blood twenty-four hours later, and all the animals died at the 
same time as t,he controls. 

TABLE XVII. 

ly- 1111. P.R.% 1 Inf. P.R.F. lnf. P-KS. 
- ~__-____ 

lday’ +’ 7’ +I 

2 91 i - 

39.1 - 

4 3, i - 
5,,; - I - 

6 >, /-lnf. P-R.% : -Inf. O.S. -1nf.A.R.S 

7 ,. 
/ 

84 - /: + +++ 
9 9,; - I +++: Dead 

0 ,t i - i +++ I ,, 

1 ,? I + 
Dead . . 

?. 1, i +++ / 
3 ,? ) Dend i 
A-- ~.~~~ -- -~~~ 

I 
j- 

I 

-- 

1 ' 1 I 

1:: II 

., 

. . j :: I :: .: 

nf. P-R.% : lnf. U.S. Inf.‘A-R.S. Inf. 1’R.S. 

:I+‘+ -? I i++ , i-t-6 + i- 

+++ I Dend , Dead + i- •t 

Dead : . . . Drnd 

Inf. 0.X. IIlf. A-1:.8. 

+ T 

++i- t-t+ 

Dead I 1kXl 

I 

,. : 

-. 

I’-R.S. =Pnrafuchsill-resistnt strain. 
A-R.% =Atoxxl-resistsnt strain. 

0.8. =Original na<rano-strain. a 

1 =IlIjection of the pnra-osybenz~lidene-deri\-atire, 1 :45. 

These results, taken together with the experiments on t,he behavioul 
of infections with mixtures of the resistant st,rains when treated with 
a chemo-therapeut.ic agent toward khich one of the components is re- 
sistant, show that from the point of ‘view of the immunity-reaction 
the different modified nagnna-strains behave as if t’hey rere distinct 
species. 

GEXEXAL ‘Coxc~cs~oss ox Imrcs~~r I'JIESOVEXA. 

1. Where the trypanosomes are destroyed iv2 vice through the 
influenoe of chemo-therapeutic agents an active immunity results. 

2. The immunit,y which follow treatment with a, single therapeutic 
dose of para-amide-phenylarsenic-acid or the para-osybenzylidene-derir- 
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ative, injected twenty-four hours after inoculation, when scanty 
parnsites are present, in the blood, as tested by reinoculation with the 
same virulent nagaua-strain as was used for the primary infection, does 
not last more than t’en days. 

3. Where the t,reatment has not effected complete sterilisation 
the existence of immunity is also apparent. In such c,a.ses a recur- 
rence takes place aft.er t,he disappea.rance of the immunity. As a rule, 
the trypanosomes reappear about the tenth da1 after the therapeutic 
injection, just, as happens in the reinoculation-experiments. 

4. In those instances where treatment is begun on the second 
day, when the parasit#es are present, in large numbers in the blood, 
the resalt,ing immunity appears to he of longer duration (a greater 
“ Ictus immunisat,orius “), Thus, where sterilisation is not complete 
the recurrence takes place later, and has been observed twenty-two 
days after treatment by a single injection. 

5. When once the trypanosomes have reappeared in the blood 
they rapidly increase in numbers, and death occurs within three to 
four days. An exception to this rule, in the form of a chronic in- 
fection, is a very rare occurrence. 

6. The immunity which results after treatment (by the acetyl- 
or the ~~ara-osybenzylidene-amido-phenylarse~~ic-acid-deri~~ative) of an 
animal infected with one of the modified nagana-strains, e.g. the 
para-fuchsin-resistant strain, is specific in so far that it is effective 
against reinoculation with t,he same strain ; but not against the atoxyl- 
resistants train. Thus, it appears that the immunity-reaction is affected 
by very delicate biological differences. This result leads to the con- 
clusion which is in agreement with Koch’s view f1904), that differ- 
ences in the immunity-reaction are not a sufficient hasis for the 
classification of different species of trypanosomes. 

Tn conclusion, it gives me great, pleasure to express my indebted- 
ness to Geheimrath Prof. Ehrlich. This work was undertaken at his 
suggestion, and duriug the conduct of it he has assisted me with much 
valuable advice. My t,hanks are further due for the facilities and 
abundant material afforded me in the laboratories under Prof. Ehrlich’s 
dire&ion, both in the Kijnigliches Institut fiir esperimentelle Therapie, 
and the Georg Speyer Haus, Frankfurt a. Main. 

REFERENCES. 

1. BROITXIXG . . . . . Brit. Meed. Jcur~., London, 1407, vol. ii. 
p. 1405. 

2. EHRLICH . . . . . . Bed. ldin. l~‘cluzschr., 1907, SS. 233, 280, 
310, 341. 

3. EFIRLICH ASD BERTHEN . Ber. d. Deutsch. C%e~)z. Gesellsch., Berlin, 1907, 
Bd. xl. SS. 32, 92. 

4. EHRLICH ASD SRIGA . . Bed. klin. TVch~zscl~r., 1904, SS. 329, 362. 

i 



. 1 

190 CHE,VO- THERAP Y IN TRYPANOSOAL~E-INFE CTlOh’S. 

5. FRASKE ...... 
i. & 

............. 

8. LAXGLET . . . . . . 

9. LATERAS AKD hfESSIL . , 

10. LEVADITI ASD ROCHE , . 

11. MARTIXI . . . . . . 
12. &K3XlLAND KICOLLE . . 

13. lIESNIL, KICOLLE, AP;D 
AUBERT 

14. THOJIAS . . . . . . 

15. THOMAS AXD BREISL . . 

P~oc. Roy. SOS. London, 1905, Series B, vol. 
Ixxvi. ISo. B. 513, p. 589; Bit. Med. 
Journ., London, 1905, vol. i. p. 1140. 

Liverpool School qf Tropical Medicine, 
Memoir XVI., 1905. 

16. WESYOS . . . . . . Joum. Hyq., Cambridge, 1907, vol. vii. p. 273. 

Joum. Z’hysiol., London, 1905, vol. xxxiii. 
p. 374. 

“ Inaug. Diss,” Giessen, Jena, Fischer, 1905. 
Mtinclien. med. Wchmchr., 1905, S. 2059. 
Deutsche med. Wchsckr., Leipzig, 1904, 

S. li05. 
v 

t 

Ann. de l’lnef. Pasteur,,Paris, 1902, tome xvi. 
p. $92. 

Compt. rent{. Sot. de biol., Paris, 1907, tome 
Ixii. p. 619. 

Ztschr. f. Hyq., Leipzig, 1905, Bd. 1. S. 1. 
Ann. de l’lmt. Paslew, Paris, 1906, tome 

xx. pp. 417, 513. 
Ann. de l’lnst. Pusfew, Paris, 19Oi, tome 

xxi. p. 1. 

,/I.;&, 


